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SUMMARY 

During March 1980 and March and A p r i l  surveys 

were conducted i n  t h e  Shelikof I s l and  region of  the  Gulf of 

Alaska t o  determine t h e  s i z e  and b i o l o g i c a l  of a l a r g e ,  mainly 
 

midwater, concentra t ion  of  walleye pollock 
  composed 

pr imar i ly  of mature a d u l t  f i s h .  Est imates of  t h e  d i s t r i b u t i o n ,  biomass and 

age composition of t h e  component of the  s tock were determined 

from echo i n t e g r a t o r  and t rawl  da ta  c o l l e c t e d  during a s i n g l e  survey 

i n  1980 and t h r e e  surveys i n  1981. During both yea r s ,  bottom t rawl  

were used t o  compare t h e  b io log ica l  composition of  the  near-bottom component 

of  the  s tock ( n o t  included i n  the  a c o u s t i c  es t imates  of abundance1 with t h a t  

of  the  main concentrat ion of  f i s h .  

The p o i n t  e s t ima te  of  pollock biomass determined from t h e  1980 acous t i c  

survey, which was apparent ly  conducted j u s t  a f t e r  the  peak of spawning, was 

709,000 m t .  I n  1981, biomass po in t  es t imates  determined from surveys conducted 

p r i o r  t o ,  during,  and a f t e r  the  peak spawning per iod ,  were 801,000, 576,000 

and 558,000 m t .  The and 1981 es t ima tes  were s u b s t a n t i a l l y  l a r g e r  than 

would have been expected from previous information. The biomass es t imates  

were determined using a t a r g e t  s t r eng th  value  of -31.3 obtained from 

and Williamson Although more information is  needed on the  

accuracy of t h i s  value,  and on o the r  f a c t o r s  a f f e c t i n g  t h e  biomass es t imates ,  

t h e  surveys'  r e s u l t s  have reemphasiied t h e  need t o  ob ta in  new es t imates  of  

t h e  abundance and p o t e n t i a l  y i e l d  of Gulf of Alaska -pollock s tocks .  They 

a l s o  suggest  t h a t  i t  may be poss ib le  t o  use acoust ic- trawl surveys of spawn­

ing  concentra t ions  t o  s i g n i f i c a n t l y  improve abundance es t imates  cu r ren t ly  

used by management. 
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INTRODUCTION 

The walleye pollock (Theragra is a semi-pelagic gadoid 
 

f i s h  which occurs on t h e  con t inen ta l  s h e l f  and upper s lope  throughout the  
  

North P a c i f i c  Ocean nor th  of 
 nor th  l a t i t u d e .  The biology of pollock 
  

resources o f f  Alaska is  discussed by Hughes and Hirschhorn (1979) and Smith 
 

I n  t h e  Gulf of Alaska, the annual ca tch  of pollock p r i o r  t o  1972 

was usual ly  less than 10,000 m t .  S ince  t h a t  time t h e  ca tch ,  which u n t i l  1981 

was taken almost exclus ively  by fo re ign  t r awle r s ,  has increased approximately 

10-fold; t h e  average annual ca tch  f o r  1977-1980 was 109,000 m t  (Bals iger  and 

Alton, I n  1981 and 1982, a s u b s t a n t i a l  j o i n t  venture  

pollock f i s h e r y ,  which has t a rge ted  on t h e  spawning s tock discussed i n  t h i s  

r e p o r t ,  was developed near Kodiak Is land.  A s  shown by both t h e  f i s h e r i e s  

see  Fig.  and a s e r i e s  of bottom t rawl  surveys during 1973-1978 

(Alton, pol lock a r e  most abundant i n  t h e  western p a r t  of the  Gulf. 

Usually over 95% of t h e  catch has been taken i n  t h e  Shumagin and 

Kodiak regula tory  a reas .  

New es t imates  of t h e  biomass and maximum sus ta inab le  y i e l d  (MSY) of 

Gulf of Alaska pollock a r e  needed. The cur ren t  es t imate  of equil ibrium 

is  equal  t o  t h e  MSY es t ima te ,  i s  166,000 m t ;  57,000 m t  f o r  t h e  

Shumagin a r e a ,  95,000 m t  f o r  t h e  Chirikof-Kodiak a r e a ,  and 14,000 m t  f o r  t h e  

Yakutat-Southeastern a rea  (Bals iger  and Alton, 1981).  es t imate  was 

from t h e  (1970) equation using a n a t u r a l  mor ta l i ty  r a t e  

of  0.4 and a f irst  order approximation of biomass of 1,055,000 m t  (NPFMC, 

1981). Biomass was conservatively est imated from bottom trawl surveys using 

the  "area-swept" method (Baranov, 1918; Alverson and Pereyra, 1969) and a 

c a t c h a b i l i t y  c o e f f i c i e n t  of 1.0. Stock s i z e  es t imates  based on v i r t u a l  

populat ion ana lys i s  a r e  no t  y e t  a v a i l a b l e  and, d e s p i t e  s i g n i f i c a n t  problems 
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Fig. 1.--Regulatory areas  of the  Gulf of Alaska showing t o t a l  foreign 
pollock catch i n  1980 (from Balsiger and Alton, 1981). 
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i n  e s t ima t ing  f i s h i n g  e f f o r t ,  annual  assessments  r e l y  on CPUE and s ize- age  
  

composition d a t a  from s e l e c t e d  f o r e i g n  t r a w l  f l e e t s .  
  

Development of a f i s h e r y  independent  method ( o t h e r  than  bottom t r a w l  

surveys)  t o  provide  new po l lock  biomass e s t ima te s  f o r  t h e  Gulf of Alaska,  

a s  w e l l  a s  t o  improve methods used t o  monitor changes i n  s t o c k  s i z e  and 

r ec ru i tmen t  has  been recommended. But u n t i l  1980, t h e r e  w a s  l i t t l e  i n d i c a t i o n  

that this might be f e a s i b l e .  P r i o r  t o  1980, t h e r e  was l i m i t e d  a p p l i c a t i o n  

of  a c o u s t i c  and t r awl  sampling i n  t h e  Gulf of  Alaska, and it w a s  

done mainly i n  t h e  summer, a t ime o f  yea r  when an  i m p r a c t i c a l  amount o f  

survey e f f o r t  would probably be  r e q u i r e d  t o  provide  r e l i a b l e  e s t i m a t e s  of  

po l lock  abundance (Nelson e t  a l ,  1981) .  The d iscovery  i n  1980 of  an  unusual ly 

l a r g e  off-bottom l a y e r  of  spawning po l lock  i n  t h e  Shel ikof  S t r a i t- Ch i r iko f  

I s l a n d  r eg ion  w e s t  o f  Kodiak I s l a n d ,  and t h e  subsequent  survey e f f o r t s  

desc r ibed  h e r e i n ,  have provided some new i n s i g h t  i n t o  t h e  p o s s i b l e  s i z e  of 

t h e  pol lock  resource  which sugges t s  t h a t  acous t i c- t r awl  surveys (and,  e v e n t u a l l y , 

ichthyoplankton surveys)  can p l a y  an  impor tan t  r o l e  i n  improving t h e  d a t a  

base  r equ i r ed  f o r  management. 

The Shel ikof  S t r a i t  concen t r a t ion  o f  po l lock  echo s i g n  was unexpectedly 

encountered dur ing  a March 1980 bottom t r a w l  survey be ing  conducted by t h e  

Northwest and Alaska F i s h e r i e s  Center .  A f t e r  p re l imina ry  echo sounder obser ­

v a t i o n s  and sampling had i d e n t i f i e d  i ts  composition and approximate s i z e ,  

arrangements were qu ick ly  made t o  p rov ide  t h e  personnel  and equipment 

necessary  t o  conduct a q u a n t i t a t i v e  a c o u s t i c  survey. The survey was sub­

s equen t ly  completed i n  e a r l y  Apr i l .  Based on i t s  succes s ,  a s e r i e s  of surveys  

was c a r r i e d  o u t  i n  1981. The purpose of  t h e  surveys was t o  o b t a i n  a c o u s t i c  

e s t i m a t e s  of  t h e  biomass and d i s t r i b u t i o n  of t h e  off- bottom pol lock  

t r a t i o n  i n  t h e  I s l a n d  r eg ion ,  and t o  o b t a i n  e s t i m a t e s  
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of  t h e  s e x ,  s i z e ,  age  and ma tu r i t y  composition of po l lock  from and 
 

bottom t r awl  sampling. Ichthyoplankton and environmental 
  sampling was 
 

conducted du r ing  each survey ,  b u t  d e t a i l e d  r e s u l t s  of t h i s  work a r e  not  y e t  
  

a v a i l a b l e .  
  

METHODS 

The surveys  were conducted on t h e  r e s e a r c h  v e s s e l  MILLER FREEMAN, 
 

a 66 m ,  2200 hp s t e r n  t r a w l e r .  The 1980 survey pe r iod  was A p r i l  2-14. 
 

I n  1981, surveys  were c a r r i e d  o u t  dur ing  March 2-19, March 24-29, and A p r i l  4-10. 
 

The geographic a r e a  covered dur ing  each survey i s  shown i n  F ig .  2. 
 

over  most of  t h e  survey  reg ion  a r e  between 110 fm (201 
 and 160 fm (292 m ) ;  
  

t h e  maximum depth i s  approximately 175 fm (320 
 The bottom r i s e s  s t e e p l y  


i n s i d e  o f  t h e  100 fm (183 
 contour  on each s i d e  of t he  S t r a i t ,  and the  

d i s t a n c e  between t h e  100 fm (183 m) and 50 fm (91  contours  i s  usua l ly  only 

3 t o  4 

Survey Design 

A s  shown i n  Fig.  2, echo i n t e g r a t o r  d a t a  were c o l l e c t e d  on t r a c k l i n e s  

c o n s i s t i n g  of z ig- zag t r a n s e c t s  which normally r a n  a c r o s s  Shel ikof  S t r a i t .  

The t r a n s e c t s  ended between t h e  50 fm (91  and 100 fm (183 bottom 

contours  on both  s i d e s  of  t h e  S t r a i t .  Usual ly,  very  l i t t l e  echo s i g n  was 

d e t e c t e d  i n s i d e  t h e  90 fm (165 contour .  The surveys  were conducted 24 

hours  p e r  day because s i g n i f i c a n t  changes i n  t h e  v e r t i c a l  d i s t r i b u t i o n  

and d e t e c t a b i l i t y  of  t h e  pol lock  were no t  observed. 

t r a w l  h a u l s  were made dur ing  each survey t o  determine t h e  s p e c i e s  

composition of  t h e  echo s i g n  and, e s p e c i a l l y ,  t o  o b t a i n  informat ion  on v a r i a t i o n  

i n  po l lock  and ma tu r i t y  composition w i t h i n  t h e  survey  a rea .  The 

l o c a t i o n  of t h e  t r a w l  s t a t i o n s  was based on both t h e  observed d i s t r i b u t i o n  

of  echo s i g n  and t h e  need t o  determine p o s s i b l e  geographic d i f f e r e n c e s  i n  
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t h e  b i o l o g i c a l  composition of pollock.  Trawl hauls  var ied  i n  dura t ion;  

usua l ly  t h e  t r awl  was r e t r i e v e d  a s  soon a s  t h e  netsounder indica ted  t h a t  a 

quan t i ty  of f i s h  s u f f i c i e n t  f o r  sampling purposes had been captured. 

Bottom t rawl  hauls  were made during each survey i n  1981 t o  provide d a t a  f o r  

comparisons of t h e  s i z e  composition and o t h e r  b i o l o g i c a l  c h a r a c t e r i s t i c s  of 

off-bottom pollock with those of pollock near bottom t h a t  were not  included 

i n  es t imates  of abundance derived from t h e  acous t i c  da ta .  Bottom t rawl  da ta  

were a l s o  a v a i l a b l e  from t h e  March 1980 survey. 

Acoustic Data Col lec t ion  and Analysis 

For both yea r s ,  es t imates  of t h e  abundance of t h e  off-bottom component 

of  the  pollock s tock were derived from d i g i t a l  echo i n t e g r a t o r  da ta  co l l ec ted  

using 38 The echo sounder t ransducers were 

mounted i n  towed a t  depths of 5 m and 20 m i n  1980 and 1981, r e spec t ive ly .  

Average vesse l  speed on survey t r a n s e c t s  was about 9 knots .  In  1980, t h e  

d a t a  were c o l l e c t e d  on a c a s s e t t e  t ape  recorder  and l a t e r  processed i n  t h e  

echo sounders (Table 

l abora to ry  on a computerized echo i n t e g r a t i o n  system described by 

and Nelson A por tab le  echo i n t e g r a t o r  system Inc .  Model 

120) was used on t h e  vesse l  i n  1981 and i n i t i a l  of t h e  i n t e g r a t o r  

outputs  was done a t  sea  using a Radio Shack TRS 80 Model I minicomputer. 

Echo i n t e g r a t o r  outputs  were obtained f o r  each 20 m depth stratum between 

the  t ransducer  and 3 m above bottom (with appropr ia t e  co r rec t ions  f o r  s t r a t a  

which included t h e  bottom). The outputs  were obtained a t  minute i n t e r v a l s  

along survey t r a n s e c t s  i n  1980 and a t  5 minute i n t e r v a l s  during t h e  1981 

surveys. The echo sounder systems c a l i b r a t e d  using standard c a l i b r a t i o n  

methods described by Dark e t  (1980) and and Nelson Calibra­

t i o n  d a t a  f o r  the  acous t i c  systems a r e  shown i n  Table 1. 

Reference t o  t r a d e  names o r  commercial f i rms does not  imply endorsement by 
the  National Marine F i she r i e s  Service ,  
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During each survey ,  system g a i n  was monitored us ing  a c a l i b r a t i o n  

o s c i l l a t o r .  A t e s t  v o l t a g e  i n p u t  t o  t h e  r e c e i v e r  was i n t e g r a t e d  f o r  each 

of a s e l e c t e d  s e t  o f  depth  i n t e r v a l s .  Normally t h i s  was done a t  t h e  s t a r t  

of each t r a n s e c t .  Each t e s t  i n t e g r a t i o n  va lue  was then  compared t o  
t 

an i n i t i a l  va lue  ob ta ined  a t  t h e  s t a r t  of t h e  survey.  The r a t i o  of 
0 

t h e  i n i t i a l  and t e s t  v a l u e s ,  de f ined  a s  K = was then  used a s  a 
S 

c o n s t a n t  m u l t i p l i e r  dur ing  echo i n t e g r a t i o n  s c a l i n g .  

Echo i n t e g r a t o r  ou tpu t s  were s c a l e d  t o  e s t i m a t e s  of  f i s h  d e n s i t y  using 

t h e  r e l a t i o n :  

3
where i j  i s  t h e  e s t ima ted  d e n s i t y  f o r  ou tpu t  i n  depth s t r a tum j ,  

I i s  t h e  average squared  echo vo l t age ,  K is t h e  c o r r e c t i o n  f a c t o r  f o r  changes 
S 

i n  system ga in ,  A is a c o n s t a n t  which is a func t ion  of  a l l  range independent 


terms 
 t a r g e t  s t r e n g t h ,  mean s c a t t e r i n g  c r o s s  s e c t i o n )  i n  

t h e  echo i n t e g r a t o r  equat ion ,  and B is a cons t an t  which is a func t ion  of 

t h e  range dependent terms i n  t h e  i n t e g r a t o r  equat ion  and c o r r e c t s  t h e  time-

varied- gain The procedures  used 

f o r  e s t ima t ing  A and B a r e  desc r ibed  by and Nelson (1981).  The 

e s t i m a t e  of t a r g e t  s t r e n g t h  used i n  determining d e n s i t y  was -31.3 

This  va lue  was based on dua l  beam e s t i m a t e s  f o r  po l lock  i n  t h e  Bering Sea 

r epor t ed  by and Williamson (1982) and was ob ta ined  by averaging day 

and n i g h t  measurements. 

of t h e  system t o  20 + 

2 
Surface  a r e a  r e l a t e d  e s t i m a t e s  of biomass d e n s i t y  m were 

ob ta ined  by a p p r o p r i a t e  summation of t h e  e s t i m a t e s  of  i j '  A s  i n d i c a t e d  

p rev ious ly ,  t h e  e s t i m a t e s  were obta ined  f o r  1 minute and 5 minute . i n t e r v a l s  

i n  1980 and 1981, r e s p e c t i v e l y .  Es t imates  of biomass were c a l c u l a t e d  by 

mul t ip ly ing  mean d e n s i t y  by geographic a r ea .  Boundaries f o r  e x t r a p o l a t i o n  
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were determined from examination of t h e  d i s t r i b u t i o n  of d e n s i t i e s  

and echograms. Because of t h e  uni formi ty  of  the echo s i g n ,  and t h e  absence 

of  s i g n i f i c a n t  q u a n t i t i e s  o f  s p e c i e s  o t h e r  than  pol lock  i n  t h e  

t r awl  ca t ches ,  a n a l y s i s  of t h e  s p e c i e s  composition of t h e  ca t ches  was no t  

c r i t i c a l  t o  i d e n t i f y i n g  t h e  echo s i g n  and d e l i n e a t i n g  t h e  a r e a  inhab i t ed  by 

pol lock.  

A s  expected, dur ing  each survey t h e r e  was s i g n i f i c a n t  s e r i a l  c o r r e l a t i o n  

between success ive  d e n s i t y  e s t i m a t e s  along t h e  survey t r a n s e c t s .  Consequently, 

as suggested by and Dowd and Williamson es t ima tes  of 

sampling e r r o r  were c a l c u l a t e d  us ing  c l u s t e r  sampling va r i ance  e s t ima t ion  

methods. Each survey t r a n s e c t  w a s  t r e a t e d  as a c l u s t e r  of d e n s i t y  observa-

t i o n s  biomass p e r  u n i t  s u r f a c e  a r e a  e s t ima tes  obta ined  a t  e i t h e r  1 minute 

o r  5 minute i n t e r v a l s  were t h e  i n d i v i d u a l  The va r i ance  of 

t h e  mean d e n s i t y  w a s  c a l c u l a t e d  us ing  t h e  equat ion  presented  by Williamson 

(1982) from Kish (1965).  The va r i ance  of  each biomass e s t ima te  was c a l c u l a t e d  
n 

2as: Var = A Var where A is  t h e  e s t i m a t e  of  s u r f a c e  a r e a  

and i s  mean dens i ty .  The a s s o c i a t e d  confidence i n t e r v a l  was c a l c u l a t e d  a s  
n n 

B + 1.96 Var . 

Trawl Sampling and B io log ica l  Data C o l l e c t i o n  and Analysis  

sampling was done w i t h  a t r awl  (F ig .  3 ) .  I n  

1981, t h e  had a 1 . 5  i n  (3 .8  mesh l i n e r ;  no l i n e r  w a s  

used i n  t h e  1980 survey. I n  1980, the t r a w l  w a s  f i s h e d  with 45 (83 

dandyl ines  (sweeplines)  and 7 10 f t  (2 .1  X 3.0 s t e e l  doors .  I n  1981, 

30 fm (55 dandylines and 6 X 9 f t  X 2.7 s t e e l  V doors  were used. 

The t r a w l  was pos i t i oned  us ing  a c a b l e  netsounder.  Average t r a w l i n g  speed 

was approximately 3.5-4.0 knots .  Netsounder echograms i n d i c a t e d  t h e  v e r t i c a l  

opening of  t h e  t r awl  ranged from 13 t o  20 
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DIAMOND TRAWL 

4 Winglbody panels 

Fig. 3.--Diagram of Diamond 1000 midwater trawl. 
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were made w i t h  an Eastern t rawl  descr ibed by Wathne I t  

equipped wi th  a 1.5 i n  l i n e r  and had a v e r t i c a l  mouth opening 

of approximately 2 m. 

The processing of t rawl  ca tches  t o  o b t a i n  spec ies  composition and 

b i o l o g i c a l  d a t a  was e s s e n t i a l l y  f o r  a l l  surveys.  For each hau l ,  

the t o t a l  weight and was es t imated  f o r  each species .  These es t ima tes  

were obta ined e i t h e r  by s o r t i n g  t h e  e n t i r e  ca tch ,  o r ,  i f  it exceeded about  

2,500 l b s ,  by Sampling it  using t h e  technique descr ibed by Hughes (1976). 

Length frequency samples f o r  pollock f i s h  p e r  and o the r  spec ies  

were c o l l e c t e d  using a method s i m i l a r  t o  t h a t  descr ibed by May and Hodder 

Fork lengths  of pollock were measured t o  t h e  nea res t  whole centimeter .  

A length  frequency, by sex, was obtained f o r  each pollock ca tch  (most f i s h  

l e s s  than 20 cm were no t  Specimens i n  t h e  pollock length  frequency 

samples were used t o  o b t a i n  matur i ty  d a t a  and o t o l i t h s .  The matur i ty  of 

pollock was macroscopically examined i n  the f i e l d .  Est imates of matur i ty  

composition were obtained by c l a s s i f y i n g  the appearance of t h e  gonads using 

a 5-point s c a l e  (Appendix). Pollock o t o l i t h s  were usual ly  co l l ec ted  from a t  

l e a s t  100 f i s h  i n  t h e  length  sample. 

The r e l a t i v e  length  composition, by sex ,  of t h e  o f f  bottom component 

of  the pollock s tock  was est imated f o r  each survey by weighting ind iv idua l  

t rawl  haul  length  frequency samples and combining them over t h e  

e n t i r e  survey a rea .  Each weighting f a c t o r  was t h e  average of s e v e r a l  pol-

lock d e n s i t y  (biomass p e r  u n i t  su r face  es t imates  obtained a t ,  o r  

immediately ad jacen t  t o ,  t h e  haul  loca t ions .  

The age composition of off-bottom was est imated using t h e  

weighted t rawl  length  composition obta ined t h e  acous t i c  

survey and an age- length key based on o t o l i t h  samples. Ages were determined 
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a s  described by I n  1980, o t o l i t h s  were not  c o l l e c t e d  from 

t rawl  ca tches  and t h e  age d a t a  were from o t o l i t h  samples c o l l e c t e d  

on a March 1980 bottom t rawl  survey of t h e  area .  Estimates of biomass, by 

age, of off-bottom pollock were ca lcu la ted  using t h e  age and length compo-

s i t i o n  d a t a  and a length-weight r e l a t i o n s h i p .  

RESULTS 

During t h e  1980 acous t i c  survey, echo i n t e g r a t o r  da ta  were co l l ec ted  

along a 425 n a u t i c a l  mi le  t r a c k l i n e  and 20 t rawl  hauls  were com-

p l e t e d  (Fig. 2 ) .  Bottom t rawl  ca tch  d a t a  f o r  1980 were a v a i l a b l e  from 57 

hauls  made throughout t h e  survey a r e a  dur ing  March 12-28. I n  1981, the  

t r a c k l i n e  d i s t ances  f o r  each of t h e  t h r e e  acous t i c  r e spec t ive ly ,  

675, 612, and 763 T h i r t y  e i g h t  t r a w l  hauls  and 13 bottom 

t rawl  hauls  were made dur ing t h e  surveys. 

Dis t r ibu t ion  and Abundance 

During both yea r s ,  pol lock echo s i g n  was detec ted  throughout most of 

t h e  survey region a t  bottom depths g r e a t e r  than 90 fm (165 There was 

a marked absence of echo s i g n  a t  shallower depths. The f i s h  were t y p i c a l l y  

p resen t  a s  a dense s c a t t e r i n g  l a y e r ,  o f t e n  contiguous o r  near ly  contiguous 

with t h e  bottom (Fig. 4 ) .  The v e r t i c a l  e x t e n t  of t h e  l a y e r  ranged from 

approximately 10 fm (18 t o  40 fm (73 L i t t l e  s i g n  was observed i n  

t h e  upper p a r t  of t h e  water  column, above 50 fm (91 from the bottom. 

There was s i g n i f i c a n t  v a r i a t i o n  i n  the  dens i ty  and v e r t i c a l  e x t e n t  of the  

l a y e r  of echo s ign .  However, i t s  con t inu i ty  and r e l a t i v e l y  uniform appear-

ance were unusually pronounced, and t h i s  was r e f l e c t e d  i n  the small  quanti-

t i e s  of spec ies  o t h e r  than pol lock i n  t h e  t r awl  ca tches  (Table 2 ) .  

The absence of a small  mesh l i n e r  i n  t h e  t r awl  during t h e  1980 sur-

vey could have l e d  t o  underest imation of t h e  con t r ibu t ion  of small  f i s h ,  e - g . ,  

eulachon (Thaleichthys t o  t h e  spec ies  composition. However, i n  
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Table 2. Summary of  catch d a t a  t r awl  hau l s  made dur ing t h e  1980 and 1981 
surveys i n  t h e  S t r a i t  - Chir ikof  I s l a n d  region.  

Survey Per iods  

1980 

SPECIES 

Apr i l  2-13 

T o t a l  Catch 

Walleye pollock 
chalcogramma) 

20,396 97.4 

P a c i f i c  cod 
macrocephalus) 

334 1.6 

Eulachon 
(Thaleichthys p a c i f i c u s )  

0.5 

Smooth 
(Aptocyclus vent r icosus)  

67 0 .3  

Other 2 9 0 .1  

TOTAL 20,934 

No. of  hau l s  20 

March 2-19 March 27-29 Apr i l  

To ta l  Catch T o t a l  Catch T o t a l  Catch 
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1981, when a l i n e r  was used, eulachon still comprised l e s s  than 1% 

of t h e  t o t a l  ca t ch  by weight ,  and no o t h e r  smal l  f i s h  were caught.  I t  

should be noted t h a t  pol lock  a l s o  c o n s t i t u t e d  over  by weight,  of t h e  

t o t a l  c a t c h  i n  bottom t r awls .  

During each survey,  geographic d i f f e r e n c e s  i n  t h e  d e n s i t y  of t h e  

bottom l a y e r  o f -p o l l o c k  were observed (Pig.  51. Also, temporal changes i n  

t h e  d i s t r i b u t i o n  of t h e  pol lock  concen t ra t ion  were s i g n i f i c a n t  dur ing  the 5-6 

week pe r iod  it was observed each year .  These changes a r e  ev iden t  i n  t h e  

r e s u l t s  f o r  1981 (Fig.  5 and Table Between t h e  f i r s t  and t h i r d  surveys,  

t h e r e  were decreases  i n  t h e  mean d e n s i t y  and biomass e s t ima tes ,  b u t  t h e  a r e a  

inhab i t ed  by t h e  pol lock  aggregat ion  was es t imated  t o  have inc reased  by over  

75%. D i s t r i b u t i o n a l  changes i n  1980 were apparent ly  s i m i l a r  t o  those  i n  

1981. Although t h e  off-bottom l a y e r  could s t i l l  e a s i l y  be  de tec t ed  dur ing  

t h e  A p r i l  1980 a c o u s t i c  survey,  it was s i g n i f i c a n t l y  l e s s  concent ra ted  than 

when it was f i r s t  observed i n  March. 

Biomass e s t ima tes  were n o t  c o r r e c t e d  f o r  t h e  i n c l u s i o n  of minor amounts 

of  o t h e r  spec ie s .  The p o i n t  e s t i m a t e  of  pol lock  biomass i n  1980 was 709,000 m t  

(Table 3 ) .  I n  1980, t h e r e  w a s  a d i s t i n c t  d i f f e r e n c e  i n  mean d e n s i t y  between 

t h e  "nor thern"  and "southern"  p a r t s  of t h e  survey region  and s e p a r a t e  mean 

d e n s i t y  and biomass e s t ima tes  were c a l c u l a t e d .  The "northern"  a r e a  i n  Table 

3 i s  t h e  a r e a  covered by t h e  most no r the rn  e i g h t  t r a n s e c t s  shown i n  F igure  2. 

Biomass e s t i m a t e s  f o r  t h e  3 surveys  i n  1981 were 801,000 m t ,  576,000 m t ,  and 

558,000 m t ,  r e s p e c t i v e l y  (Table 3 ) .  There i s  no obvious explanat ion  f o r  t h e  

high i n i t i a l  biomass es t imate .  Because of  poor weather,  t h e  f i r s t  survey 

r equ i red  s u b s t a n t i a l l y  more time (13 days)  t han  t h e  o t h e r s .  Also,  it was 

c a r r i e d  o u t  i n  a south  t o  n o r t h  d i r e c t i o n  a t  a time when t h e r e  w a s  probably 

more movement of  f i s h  i n t o  t h e  S t r a i t  t hen  occurred dur ing  t h e  subsequent 

surveys.  
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S ize  and Age Composition 

Length d i s t r i b u t i o n s  of pollock i n  t h e  1980 and 1981 t rawl  samples a r e  

shown i n  Fig. 6. I n  t h e  t rawl  samples from each survey the re  were 

two d i s t i n c t  length  groups, with modes a t  approximately 22-23 cm and 35-36 cm. 

The r e l a t i v e  s t r e n g t h  of these  modes was s i m i l a r  f o r  males and females. 

However, i n  1981 t h e r e  were s i g n i f i c a n t  d i f f e rences  i n  length composition 

between surveys.  I n  p a r t i c u l a r ,  t he  r e l a t i v e  abundance of the  two s i z e  groups 

during survey 2 was d i f f e r e n t  than t h a t  observed f o r  surveys 1 and 3. The 

d i f f e r e n c e s  a r e  most l i k e l y  due t o  d i f fe rences  between surveys i n  the  d i s t r i -

but ion  and number of t rawl  hauls  (Fig..  r a t h e r  than changes i n  t h e  s i z e  

composition of pollock inhab i t ing  t h e  survey a rea .  

Pollock l e s s  than 20 cm i n  l eng th ,  which were pr imar i ly  10-15 cm 

(age 1) f i s h ,  occurred regu la r ly  i n  the  catches.  However, they 

r a r e l y  were more than about 5% of t h e  t o t a l  number of f i s h  i n  a catch and, 

of course, were an even smaller  percentage of t h e  t o t a l  weight. 

The average s i z e  of pollock caught i n  bottom t rawl  hauls  was d i s t i n c t l y  

g r e a t e r  than t h a t  i n  samples (Fig.  6 ) .  I n  1980, a small f r a c t i o n  of 

the  f i s h  i n  the  bottom t rawl  samples was between 20 and 30 cm, b u t  i n  1981, 

t h e r e  were n e g l i g i b l e  numbers of f i s h  i n  t h a t  s i z e  range. I n  both years ,  

pollock 20 were e s s e n t i a l l y  absent  i n  t h e  bottom t rawl  samples, whereas 

the  o l d e r ,  l a r g e r  f i s h  35 cm) were c o n s i s t e n t l y  more abundant near bottom 

than i n  midwater. The lack of pollock 20 cm i n  bottom t rawl  catches is  

cons i s t en t  with previous observat ions ,  s e e  Hughes and Hirschhorn (1979).  

Est imates of t h e  r e l a t i v e  age composition, by weight,  of the  off-bottom 

pollock aggregation a r e  shown i n  Fig.  7. I n  1980, 4 and 5 year-old f i s h ,  the  

1976 and 1975 year  most abundant. These two age groups accounted 

f o r  75% of t h e  t o t a l  biomass. The r e l a t i v e  abundance of these  two age groups, 

a s  well  a s  t h e  low abundance of t h e  1977 year  c l a s s  a s  3 year-olds, is s i m i l a r  

t o  t h a t  observed i n  the  f i s h e r y  i n  the  Chirikof-Kodiak regula tory  area  i n  1980 
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Fig .  6.--Length d i s t r i b u t i o n s ,  by sex, o f  pollock i n  trawl and b o t t o m  t r a w l  samples. 
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(Ba l s ige r  and Alton,  1980). The es t imated  abundance by age i n  1981 cor-

responded w i t h  t h a t  expected based on t h e  age composition i n  1980. The 

1976 and 1975 y e a r  c l a s s e s  (ages  5 and 6) were aga in  predominant and t h e  

1977 y e a r  c l a s s  (age 4)  cont inued t o  be a minor p a r t  of t h e  s tock .  The 

v a r i a t i o n  i n  age composition between surveys i n  1981 was c o n s i s t e n t  wi th  

t h e  corresponding d i f f e r e n c e s  i n  s i z e  composition. 

Maturi ty Composition 

Pollock ma tu r i ty  compositions (sexes combined) determined from 

t r a w l  samples a r e  shown i n  Fig.  8.  A d e f i n i t e  progress ion  through matur i ty  

s t a g e s  was observed dur ing  t h e  s i x  week pe r iod  i n  which t h e  1981 surveys 

were completed. The changes i n  matur i ty  composition between surveys were 

p a r t i a l l y  t h e  r e s u l t  o f  t h e  d i f f e r e n c e s  i n  composition noted pre-

vious ly .  However, it i s  s t i l l  apparent  t h a t  t h e r e  was a pronounced change 

i n  t h e  matur i ty  of  a d u l t  f i s h ,  e .  . f i s h  l a r g e r  than about  30 cm. During 

t h e  f i r s t  survey,  only  a sma l l  propor t ion  of f i s h  was c l a s s i f i e d  a s  spawn-

i n g  and no s p e n t  f i s h  were observed. By t h e  time of t h e  second survey,  most 

f i s h  were spawning. Spawning f i s h  were s t i l l  p r e s e n t  dur ing  t h e  l a s t  survey,  

b u t  a t  t h a t  t i m e  most f i s h  were spent .  Although ma tu r i ty  i n  r e l a t i o n  t o  

l eng th  and age were n o t  i n v e s t i g a t e d  i n  d e t a i l ,  our  obse rva t ions  of these  

r e l a t i o n s  b a s i c a l l y  suppor t  t hose  of Hughes and Hirschhorn (1975).  They 

es t imated  t h a t  mean l eng ths  a t  f i r s t  ma tu r i ty  f o r  Gulf of Alaska pol lock were 

29-32 cm f o r  males and 30-35 cm f o r  females,  and t h a t  bo th  sexes were f u l l y  

r e c r u i t e d  t o  t h e  spawning popula t ion  a t  age  3. They d i d  no t  encounter any 

mature 2 year-old females and 5% of t h e  2 year- old males they  sampled were 

mature. 

The 1981 ma tu r i ty  d a t a  show t h a t  spawning a c t i v i t y  was a t  a peak about 

A p r i l  1 and abundance d a t a  f o r  both  years  (Fig.  5) sugges t  t h a t  spawning was 

concent ra ted  i n  that p o r t i o n  of Shel ikof  S t r a i t  ad jacen t  t o  t h e  southern end 
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of Is land.  I t  i s  reasonable t o  suspect  t h a t  i n  1980, wi th in  the  a r e a  

i n  which survey coverage was comparable during both years ,  the  t r end  i n  


matur i ty  composition with t i m e  was comparable t o  t h a t  observed i n  1981. 


The maturi ty composition f o r  1980 shown i n  
 8 includes da ta  from both 

t h e  a r e a  sampled i n  1981 and t h e  Chirikof Island-Semidi Is lands  a r e a  t o  t h e  

south (Fig. 2 ) .  When t h e  da ta  f o r  t h e  l a t t e r  a r e a  a r e  removed (Fig. 

t h e  matur i ty  composition shows a higher propor t ion  of  spent  f i s h  and i s  more 

near ly  l i k e  t h a t  observed during the  same time ( e a r l y  Apr i l )  i n  1981. Also, 

it i s  apparent  t h a t  t h e  propor t ion  of a d u l t  f i s h  i n  t h e  Chirikof 

Semidi I s l ands  a r e a  samples t h a t  were i n  a prespawning condit ion was s ig-

n i f i c a n t l y  g r e a t e r  than i n  the  a r e a  t o  the  north.  I t  appears t h a t  maturing 

f i s h  i n  t h a t  a r e a  move nor th  i n t o  the  S t r a i t  f o r  t h i s  idea  i s  

supported by d a t a  on t h e  abundance of pollock eggs obtained from 

plankton surveys conducted a t  t h e  same t i m e  a s  t h e  acous t i c  surveys (Arthur 

Kendall, Northwest and Alaska F i s h e r i e s  Center ,  personal  communication). 

DISCUSSION 

The 1980 and 1981 a c o u s t i c  surveys demonstrated t h a t  t h e  Shelikof 

Chirikof I s l and  region is  an important pollock spawning a rea  and provided 

es t imates  of abundance t h a t  a r e  s u b s t a n t i a l l y  h igher  than would have been 

expected using o t h e r  survey o r  f i s h e r y  information. When compared with e i t h e r  

t h e  upper o r  lower end of  t h e  range of t o t a l  biomass es t imates  (1.1t o  2.2 

m i l l i o n  m t )  c u r r e n t l y  considered i n  managing t h e  f i s h e r i e s  (NPFMC, 

t h e  es t imates  of  biomass der ived from t h e  acous t i c  d a t a  suggest  t h a t  a s ig-

n i f i c a n t  propor t ion  of  t h e  exp lo i t ab le  pollock populat ion i n  the  Gulf of 

Alaska was p resen t  i n  t h e  region a t  the  of t h e  surveys. However, l i t t l e  

information is  a v a i l a b l e  on t h e  accuracy of t h e  t o t a l  biomass e s t ima tes ,  

except t h a t  it is reasonable  t o  assume t h a t  t h e  minimum es t imate  i s  conservative.  

The range of t o t a l  biomass es t imates  was es t ab l i shed  from bottom t rawl  survey 
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d a t a  using c a t c h a b i l i t y  c o e f f i c i e n t s  o f  1 .0  and 0.5, and the  l a r g e r  of 

these  two values is  undoubtedly too  high.  

The confidence i n t e r v a l s  a s soc ia ted  w i t h  t h e  acous t i c  biomass es t imates  

(Table i n d i c a t e  t h e  surveys were capable of r e l i a b l y  de tec t ing  changes i n  

abundance of from + 35% t o  a s  low a s  20%. Because of t h e  continuous 

t r i b u t i o n  of the  pollock s c a t t e r i n g  l a y e r ,  and a l s o  i ts s t a b i l i t y ,  t h i s  

l e v e l  of p rec i s ion  was n o t  unexpected. Although t h e  sampling r a t e  was h igher  

i n  1980, t h e r e  is  no obvious explanat ion  f o r  the  d i f f e r e n c e  i n  t h e  p rec i s ion  

of t h e  1980 and 1981 es t imates .  The accuracy of the  dens i ty  and biomass 

es t imates  i s  l a r g e l y  dependent on t h e  b i a s  i n  t h e  t a r g e t  s t r eng th  es t imate  

(-31.3 used i n  s c a l i n g  t h e  echo abundance da ta .  A s  mentioned e a r l i e r ,  

t h i s  es t imate  i s  based on r e s u l t s  obtained by and Williamson 

and is  an average of day and n i g h t  measurements obtained f o r  non-spawning pol-

lock a t  r e l a t i v e l y  shallow depths . Also, t h e  f i s h  were l a r g e r( 
(40 t o  50 cm) than t h e  average s i z e  (30-35 encountered i n  t r awl  

ca tches  during our surveys. Based on t h e  f a c t  t h a t  t h e  t a r g e t  

e s t ima tes  repor ted  by and Williamson increased with decreasing s i z e ,  

t h e  es t imate  might be considered conservat ive  a s  a s c a l i n g  f a c t o r .  However, 

no subs tant ive  conclusions can be drawn regarding t h e  accuracy of the  t a r g e t  

s t r e n g t h  es t ima te  u n t i l  i n  e s t ima tes  a r e  a v a i l a b l e  f o r  spawning pollock 

and more information is a v a i l a b l e  on how t h e  t a r g e t  s t r e n g t h  parameter changes 

with s i z e  and o t h e r  f a c t o r s .  I f  it was necessary t o  base management on t h e  

acous t i c  es t imates  of  biomass obta ined i n  1980 and 1981, it would be prudent  

t o  assume t h a t  t h e  t a r g e t  va lue  used a s  a s c a l i n g  f a c t o r  was 2 dB 

low and t o  a d j u s t  t h e  biomass e s t ima tes  accordingly.  Also, of course,  a s  shown 

by the  r e s u l t s  f o r  1981, the  biomass e s t ima tes  could have been s i g n i f i c a n t l y  

a f f e c t e d  by t h e  timing and coverage of t h e  surveys,  and t h i s  
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be addressed during any f u t u r e  surveys. 

The r e s u l t s  of t h e  work i n  1980 and 1981 were 

showing t h a t  it may be poss ib le  t o  e f f e c t i v e l y  use l a t e  winter- spring 

acoustic-midwater t r awl  surveys of spawning pollock concentrat ions t o  obta in  

more r e l i a b l e  es t imates  of abundance f o r  pol lock s tocks  i n  t h e  western Gulf 

of Alaska, a s  we l l  a s  t o  improve on methods used t o  monitor changes i n  t h e  

abundance and b i o l o g i c a l  condi t ion  of t h e  s tocks .  However, the  success  of 

such surveys w i l l  depend on how e f f e c t i v e l y  t h e  s p a t i a l  and temporal d i s t r i -

bu t ion  of spawning aggregations can be de l inea ted ,  on t h e  behavior and 

a b i l i t y  of these  aggregations and knowledge of s tock i n t e r r e l a t i o n s h i p s .  

Ichthyoplankton surveys have c o l l e c t e d  pollock eggs and l a r v a e  over a l a r g e  

p a r t  of both the  Chirikof-Kodiak and a r e a s  and, al though these  

surveys show t h a t  Shelikof S t r a i t  i s  a p r i n c i p a l  spawning l o c a t i o n  i n  t h e  

western Gulf,  i t s  r e l a t i v e  importance a s  a spawning a r e a  is  s t i l l  no t  wel l  

def ined (Arthur Kendall,  Northwest and Alaska F i s h e r i e s  Center ,  personal  

Another important  cons idera t ion  i n  conducting surveys during 

the  spawning season i s  t h e  impact of the  f requent ly  severe  weather which occurs 

a t  t h a t  time of year .  However, f o r  Gulf of Alaska pol lock,  t h i s  problem i s  

bel ieved t o  be l e s s  important  than t h a t  presented by t h e  need t o  survey 

smal ler  concentra t ions  of f i s h  over a wider bathymetric and geographic range 

during t h e  summer (Nelson e t  a l ,  1981). Also, acous t i c  surveys during the  

spawning season can be d i r e c t l y  complemented by ichthyoplankton surveys. 

f u t u r e  surveys,  an a t tempt  should be made t o  r e f i n e  t h e  a l l o c a t i o n  of 

t rawl  sampling e f f o r t  i n  order  t o  b e t t e r  de f ine  v a r i a t i o n  i n  s i z e  

and age composition. During t h e  1980 and 1981 surveys,  t h e r e  was not iceable  

v a r i a t i o n  i n  s i z e  composition wi th in  t h e  survey a r e a  and, al though it i s  

d i f f i c u l t  t o  d e t e c t ,  it appears t h e r e  was a s t r a t i f i c a t i o n  by s i z e  wi th in  

the  l a y e r  of off-bottom pol lock,  the  smal ler  t o  3 year-old f i s h )  being 

more abundant i n  t h e  upper p a r t  of  the  l aye r .  
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e s p e c i a l l y  important f o r  f u t u r e  surveys 

of t h e  amount of bottom t rawl  sampling needed t o  supplement the a c o u s t i c  

and sampling. The l e v e l  of bottom t rawl  sampling w i l l  depend on 

whether i t  w i l l  be used only t o  provide b i o l o g i c a l  d a t a  on pollock near  bottom 

which a r e  not  sampled by acous t i c s  and t r awls ,  o r  t o  a l s o  provide 

es t imates  of t h e  abundance of t h e  near-bottom component. I t  appears t h a t ,  

a t  l e a s t  i n i t i a l l y ,  b e t t e r  es t imates  of t h e  abundance of f i s h  near bottom 

should be obtained.  However, it is reasonable t o  assume t h a t  t h e  propor t ion  

of t h e  t o t a l  s tock  t h a t  is  near bottom is r e l a t i v e l y  s m a l l .  I f  it is assumed 

t h a t  d e n s i t i e s  near  bottom were no t  unusually high r e l a t i v e  t o  those i n  

water ,  t he  r e s u l t s  obtained during t h e  1980 and 1981 surveys support  this view. 

I t  is a l s o  supported by surveys we have conducted f o r  Bering Sea pollock and 

f o r  P a c i f i c  whi t ing ,  Merluccius productus, a spec ies  with a genera l ly  

parable  semi-pelagic behavior. These surveys combined independent, b u t  

d i r e c t l y  complementary, acoustic-midwater t r a w l  and bottom t rawl  surveys. 

From t h e  whit ing surveys,  which were conducted i n  1977 (Dark e t  a l ,  1980) 

and 1980 (Nelson and Dark, MS i n  p r e p a r a t i o n ) ,  i t  was est imated t h a t  only 6% 

and respec t ive ly ,  of t h e  t o t a l  biomass was a v a i l a b l e  t o  bottom t rawls .  

These percentages could be revised  upward based on new whit ing t a r g e t  s t r e n g t h  

es t imates ,  b u t  it is un l ike ly  they would inc rease  by much more than a f a c t o r  

of two. A comparable r e s u l t  was obtained from a summer survey of pollock i n  

t h e  e a s t e r n  Bering Sea e t  a l ,  1982). I t  was est imated t h a t  only 12% 

of t h e  t o t a l  biomass of a l l  age groups was a v a i l a b l e  t o  bottom t rawls .  However, 

t h e  off-bottom component of t h e  s tock was near ly  a l l  juveni le  (1and 2 year-old) 

f i s h ,  while t h e  near  bottom component included both juveni le  and a d u l t  age 

groups. I t  should be noted t h a t  t h e  e s t ima tes  of propor t ions  of f i s h  a v a i l a b l e  
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t o  bottom trawls may be conservative since they assume the trawls were 100% 

e f f i c i en t  i n  capturing f i s h  available to  them. 
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Appendix 

Maturity s t age  c l a s s i f i c a t i o n  f o r  walleye pollock 

Gonad Condition 

Maturity Stage Code Males Females 

Immature 1 Testes 
within 

thread­ l ike  and contained 
a t ransparent  membrane. 

Ovaries small ,  t ransparent  and tapered.  

Developing 2 Testes uniformly r ibbon- like.  Sur-
face  of t e s t e s  appear smooth and 
uniformly textured.  

Ovaries tapered,  forming two d i s t i n c t  
lobes having well  developed red blood 
vessels .  Ovaries may be p a r t i a l l y  
granular  (some d i s t i n c t  ova) .  

Mature Testes l a rge  and highly convoluted; 
sperm cannot be extruded. Body wall  
inc i s ion  causes t e s t e s  t o  be expelled 
from opening. 

Ova d i s t i n c t l y  v i s i b l e  bu t  cannot be 
extruded when ovar ies  a r e  compressed. 
Ovaries a r e  two l a rge ,  d i s t i n c t  lobes.  
Body wall  inc i s ion  causes gonads t o  be 
expelled from opening. 

Spawning Testes  milk f r e e l y  o r  extrude sperm 
when compressed. 

Ova extruded when ovar ies  a r e  compressed 
o r  ova a r e  i n  ovar ies .  

Spent Testes l a rge ,  bu t  f l a cc id ,  watery and 
bloodshot. 

Ovaries l a rge  bu t  f l a cc id  and watery. 
Ovaries may contain remnants of 
i n t eg r a t i ng  ova and associa ted 
s t r uc tu r e s .  


	14CruiseReports 1.pdf
	14CruiseReports 2.pdf
	14CruiseReports 3.pdf
	14CruiseReports 4.pdf
	14CruiseReports 5.pdf
	14CruiseReports 6.pdf
	14CruiseReports 7.pdf
	14CruiseReports 8.pdf
	14CruiseReports 9.pdf
	14CruiseReports 10.pdf
	14CruiseReports 11.pdf
	14CruiseReports 12.pdf
	14CruiseReports 13.pdf
	14CruiseReports 14.pdf
	14CruiseReports 15.pdf
	14CruiseReports 16.pdf
	14CruiseReports 17.pdf
	14CruiseReports 18.pdf
	14CruiseReports 19.pdf
	14CruiseReports 20.pdf
	14CruiseReports 21.pdf
	14CruiseReports 22.pdf
	14CruiseReports 23.pdf
	14CruiseReports 24.pdf
	14CruiseReports 25.pdf
	14CruiseReports 26.pdf
	14CruiseReports 27.pdf
	14CruiseReports 28.pdf
	14CruiseReports 29.pdf
	14CruiseReports 30.pdf
	14CruiseReports 31.pdf
	14CruiseReports 32.pdf
	14CruiseReports 33.pdf



